Introduction: Enzalutamide and abiraterone acetate (plus prednisone) are new hormonal treatments for metastatic castration-resistant prostate cancer (mCRPC). This study compared treatment duration, healthcare resource utilization (HRU), and treatment costs for chemotherapy-naïve mCRPC patients treated with enzalutamide or abiraterone acetate in the USA.
Methods: Chemotherapy-naïve mCRPC patients initiating treatment with enzalutamide or abiraterone acetate were identified from administrative claims. Continuous enrollment C 6 months before and C 3 months after the index date (initiation date of enzalutamide or abiraterone acetate) was required. Treatment duration, all-cause and prostate cancer-related HRU, and costs were estimated during the postindex period. Multivariable analyses compared HRU and costs between cohorts, adjusting for baseline characteristics. Results: Overall, 920 chemotherapy-naïve patients initiated enzalutamide and 2310 initiated abiraterone acetate (median follow-up, 10.7 and 13.5 months, respectively). More enzalutamide-treated patients had corticosteroid-sensitive comorbidities at baseline. Treatment duration was longer with enzalutamide versus abiraterone acetate (median, 10.7 vs. 8.8 months; P = 0.008). Enzalutamide was associated with fewer all-cause inpatient admissions [adjusted incidence rate ratio (95% confidence interval) 0.87 (0.76, 0. 
INTRODUCTION
Prostate cancer is the most commonly diagnosed cancer among men worldwide and the second leading cause of cancer-related deaths [1, 2] . Castration-resistant prostate cancer (CRPC) is an advanced form of prostate cancer characterized by disease progression following surgical castration or androgen-deprivation therapy [3, 4] . Approximately 10-20% of all prostate cancer is CRPC, with over 84% demonstrating radiographic findings of metastatic CRPC (mCRPC) [4] . mCRPC is associated with a poor prognosis and reduced survival compared with CRPC, and no curative treatments are available [4, 5] .
Until 2010, treatments of mCRPC were primarily limited to taxane chemotherapy (docetaxel) or oral non-steroidal anti-androgen therapy plus luteinizing hormone-releasing hormone analogs [6] . Recently, there have been many advances in treatment options, including novel taxane chemotherapy (e.g., cabazitaxel), immunotherapy (e.g., sipuleucel-T), radiotherapy (e.g., radium-223), and novel hormonal therapy (e.g., enzalutamide and abiraterone acetate) [7] . These new treatments have greatly extended the median overall survival of patients with mCRPC (ranging from approximately 9-18 months in 2010 to 16-35 months in 2016), depending on tumor burden [4, 8, 9] .
The US Food and Drug Administration approved abiraterone acetate and enzalutamide for mCRPC patients with prior chemotherapy in April 2011 and August 2012, respectively, and for chemotherapy-naïve patients in December 2012 and September 2014, respectively [10] . Although both are androgen-directed hormonal agents, the two drugs act via different mechanisms; abiraterone acetate inhibits androgen synthesis while enzalutamide blocks the androgen-receptor signaling pathway [11] . In clinical trials, both treatments have prolonged overall survival in chemotherapy-naïve patients with mCRPC compared with placebo (enzalutamide, 35.3 vs. 31.3 months with placebo; abiraterone acetate plus prednisone, 34.7 vs. 30.3 months with placebo plus prednisone) [12, 13] . Enzalutamide and abiraterone acetate have also received the highest recommendation (category 1) in the National Comprehensive Cancer Network guidelines for the treatment of mCRPC [14] .
Although the results of clinical trials demonstrate the efficacy of enzalutamide and abiraterone acetate for mCRPC under controlled conditions, it is as important to evaluate these treatments in real-world clinical practice to assess their impact on patient outcomes. While enzalutamide and abiraterone acetate have been used with patients with mCRPC for several years, there is limited published real-world evidence of their associated treatment outcomes. A few studies have compared pharmacy costs [15, 16] or evaluated treatment duration and dose reduction for the overall population of prostate cancer patients receiving enzalutamide or abiraterone acetate [7, 17] . However, many mCRPC patients do not receive chemotherapy as the initial treatment [16] , and previous research has suggested greater benefits of enzalutamide and abiraterone acetate in chemotherapy-naïve patients [18, 19] . These benefits include delay of the initiation of cytotoxic chemotherapy, which could be of clinical importance for patients with pre-existing medical conditions and who may have lower tolerability for the toxicity profile of chemotherapy [20, 21] . Thus, it is particularly important to assess treatment outcomes in the chemotherapy-naïve patient population with mCRPC.
To date, no studies have examined realworld outcomes, including treatment duration, healthcare resource utilization (HRU), and associated medical costs of chemotherapy-naïve mCRPC patients treated with enzalutamide or abiraterone acetate. Additionally, no published studies assessed real-world outcomes among specific comorbid disease subpopulations of patients with mCRPC, even though treatment response may depend on patients' pre-existing comorbidities, and this topic has not been explored in the literature.
Therefore, to address these gaps in the existing literature and contribute additional evidence to the current body of research in mCRPC, the current study evaluates the realworld treatment duration, HRU, and medical costs for patients with mCRPC treated with enzalutamide and abiraterone acetate using administrative claims data. In addition, this is the first study to assess the real-world outcomes in subgroups of chemotherapy-naïve patients with mCRPC, namely those with diabetes, cardiovascular diseases, and corticosteroid-sensitive comorbidities.
METHODS

Data Source
This study used the Truven Health MarketScan Ò Commercial Claims and Encounters and Medicare Supplemental Databases (2012 Databases ( -2015 . The commercial database contains the combined claims of employees and dependents, totaling approximately 147 employers with 16 health plans, while the Medicare supplemental database covers Medicare-eligible retirees with employer-sponsored Medicare supplemental plans. The databases include enrollment history and claims for medical (provider and institutional) and pharmacy services. As this was a retrospective analysis of anonymized data, no institutional board review was required.
Study Design and Patient Populations
The date of the first claim of enzalutamide or abiraterone acetate was defined as the index date. Enzalutamide or abiraterone acetate received on the index date was defined as the index treatment. The baseline period was defined as the 6-month period before the index date. The study period spanned from the index date until the end of data availability (the end of continuous enrollment in the insurance plan), with a minimum of 3 months of followup required.
Inclusion Criteria
The patient selection diagram is shown in Fig. 1 . Male patients were included in this study if they had at least one pharmacy claim for enzalutamide or abiraterone acetate on or after 1 September 2012 (the earliest time both treatments were commercially available in the USA). Eligible patients were at least 18 years old at the index date and were required to have a unique index treatment (i.e., they did not initiate enzalutamide/abiraterone acetate combination on the same day). Additionally, patients were required to have at least one prostate cancer diagnosis [International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) code 185 or Tenth Revision code C61] during the 6 months before the index date and at least two prostate cancer diagnoses on distinct dates in the entire claims history; continuous enrollment for at least 6 months before and at least 3 months after the index date; and no claims for cytotoxic chemotherapy in the entire claims history before the index date. Continuous enrollment was defined as having no gap between periods of enrollment.
Patient Subgroups
The following patient subgroups were defined according to the baseline comorbidity profile: patients with diabetes (including both type 1 and type 2 diabetes mellitus); patients with cardiovascular diseases (including hypertension, ischemic heart disease, cerebrovascular disease, peripheral vascular disease, and congestive heart failure); and patients with corticosteroid-sensitive comorbidities [22] (including diabetes, cataracts, glaucoma, hypertension, hyperlipidemia, ischemic heart disease, cerebrovascular disease, peripheral vascular disease, congestive heart failure, osteoporosis, anxiety, depression, insomnia, schizophrenia, bipolar disorder, and gastrointestinal ulcer and perforation).
Study Covariates and Outcomes
Baseline Patient Characteristics
The following baseline patient characteristics were assessed during the baseline period: age at index date; year of index date; region of residence; health insurance type; prostate cancerrelated comorbidities; Charlson Comorbidity Index (CCI) [23] and chronic comorbidities; and treatments received for prostate cancer.
Treatment Duration
Treatment duration was calculated from the initiation date of the index treatment to discontinuation. Discontinuation was defined as a gap of at least 45 days between the end of the supply of one fill for the index treatment and the date of the next fill. Sensitivity analyses were also conducted, with discontinuation defined as a gap of at least 30 or 60 days. Patients who did not discontinue the index treatment were censored at the end of data availability.
HRU and Costs
All-cause HRU, defined as the total counts of healthcare encounters regardless of underlying medical reasons, was quantified during the study period and included the following categories: inpatient admissions and total days of hospitalization; emergency department visits; Fig. 1 Sample selection flowchart. September 1, 2012, was the earliest time at which enzalutamide and abiraterone acetate were both commercially available in the US.
Continuous enrollment was defined as having no gap between periods of enrollment and outpatient visits. All-cause medical service costs and pharmacy costs were assessed during the study period. Specific cost categories, including inpatient, outpatient, emergency department, and index-drug pharmacy costs, were assessed. The costs were adjusted to 2017 US dollars according to the medical care component of the Consumer Price Index. The cost analysis was restricted to patients who were not on capitated insurance plans to ensure that service costs were accurately represented.
The same outcomes as all-cause HRU and costs were assessed for prostate cancer-related HRU and costs, defined as encounters and medical claims with a primary or secondary diagnosis of prostate cancer. Prostate cancerrelated pharmacy costs were defined as any claims for prescription drugs related to prostate cancer.
Statistical Analyses
For comparisons of baseline characteristics, continuous variables were summarized using means and standard deviations (SDs), with categorical variables summarized using counts and proportions. Treatment duration was estimated using Kaplan-Meier analyses and compared using unstratified log-rank tests between the enzalutamide-and abiraterone acetate-treated patients. Median time on treatment and proportions of patients who discontinued the index treatment at 6, 12, and 24 months after initiation were reported.
Monthly rates of HRU were estimated by dividing the total number of events by the total person-months from the index date through the end of the study period for each cohort. The monthly rates allowed for comparisons between groups comprising patients with different follow-up times using all available data. In addition, the presence of at least one HRU event was evaluated within the first 3-month period after the index date. Incidence rate ratios (IRRs) for HRU outcomes and 95% confidence intervals (CIs) were estimated using generalized linear models with a Poisson distribution, and odds ratios (ORs) were estimated using logistic regression models.
Monthly costs were calculated for each patient by dividing the total costs accrued during the study period by the length of follow-up from the index date. All-cause and prostate cancer-related monthly costs were summarized using means and SDs. The differences in costs were then estimated using generalized linear models with Tweedie distribution (a compound Poisson-gamma distribution) [24] [25] [26] .
Both unadjusted and adjusted comparisons of HRU and costs were conducted among the overall population and among patient subgroups as defined previously. Adjusted comparisons were controlled for the following baseline covariates selected based on clinical relevance: patient age at the index date; CCI; year of the index date; number of all-cause and prostate cancer-related inpatient and outpatient visits during the baseline period; surgical or chemical castration received during the baseline period; and the use of any anti-androgen or androgen synthesis inhibitor during the baseline period.
All statistical analyses were performed using SAS Ò Studio 3.5 (SAS Institute Inc., Cary, NC, USA). P \ 0.05 was considered statistically significant.
RESULTS
A total of 6728 male adult patients were identified with at least one diagnosis of prostate cancer during the baseline period and at least one pharmacy claim for enzalutamide or abiraterone acetate on or after September 1, 2012 ( Fig. 1 ). Of these, 920 patients initiating enzalutamide and 2310 patients initiating abiraterone acetate did not have a claim for chemotherapy before the index date and met all other criteria for inclusion in the analysis. The median follow-up time was 10.7 months for patients in the enzalutamide cohort and 13.5 months for patients in the abiraterone acetate cohort.
Baseline Characteristics
Patients' characteristics at baseline are listed in Table 1 . On average, enzalutamide-treated 
Treatment Duration
Patients treated with enzalutamide remained on treatment longer compared with patients treated with abiraterone acetate (log-rank P = 0.008; median time to discontinuation, 10.7 vs. 8.8 months, respectively) (Fig. 2) . Within 1 year of initiation, 55.7% of enzalutamide-treated patients and 60.8% of abiraterone acetate-treated patients had discontinued treatment. Similar results were observed in the subgroups of patients with diabetes, cardiovascular disease, or corticosteroid-sensitive comorbidities, with treatment duration being significantly longer among enzalutamide-treated patients (see Figs. S1-3 in the Electronic Supplementary Material). These results were also consistent in a sensitivity analysis among patients initiating their index therapy after the approval of the chemotherapy-naïve indication for enzalutamide (September 10, 2014) (Fig. 3) . In this subset, treatment duration was significantly longer among enzalutamide-versus abiraterone acetate-treated patients (log-rank P = 0.016; median time to discontinuation, 11.6 vs. 9.3 months, respectively). Furthermore, sensitivity analyses of different definitions of treatment discontinuation (i.e., gaps of C 30 or 60 days between the end of the supply of one fill for the index treatment and the date of the next fill) were consistent with the main analysis [median times to discontinuation for enzalutamide vs. abiraterone acetate (30-day gap) 8.3 vs. 8.0 months, log-rank P = 0.051; (60-day gap) 11.6 vs. 10.2 months, log-rank P = 0.008].
HRU and Costs
All Table 2) . With respect to healthcare costs, enzalutamide-treated patients had lower monthly costs for all-cause emergency department visits than abiraterone acetate-treated patients after adjusting for baseline covariates (adjusted difference, -$55 per month; P = 0.018) ( Table 3) . Conversely, the monthly all-cause pharmacy costs were higher among enzalutamide-treated patients (adjusted difference, $545 per month; P \ 0.001). Similar all-cause HRU and cost results were observed in the subgroup analyses among patients with diabetes, cardiovascular disease, or corticosteroid-sensitive comorbidities [see Tables S1-3 (HRU) and Tables S4-6  ( [27] .
With respect to prostate cancer-related costs, enzalutamide-treated patients had significantly lower monthly economic burden due to inpatient admissions and emergency department visits compared with abiraterone acetate-treated patients after adjusting for baseline covariates. The adjusted differences (enzalutamide -abiraterone acetate) were -$122 (P = 0.024) for inpatient admissions and -$28 (P = 0.009) for emergency department visits. Also, enzalutamide-treated patients had significantly higher monthly pharmacy acquisition costs than abiraterone acetate-treated patients (adjusted differences, $485 for total pharmacy cost and $834 for costs of the index drug; both P \ 0.001).
Similar results were observed in the subgroup analyses among patients with diabetes, cardiovascular disease, or corticosteroid-sensitive comorbidities (see Tables S4-6 
DISCUSSION
This study provides a unique and comprehensive real-world comparison of enzalutamide and abiraterone acetate across a variety of outcomes, including treatment duration, HRU, and costs among chemotherapy-naïve patients with mCRPC. At baseline, enzalutamide-treated patients were 1 year older, on average, than abiraterone acetate-treated patients and had higher rates of certain corticosteroid-sensitive comorbidities, such as hypertension and Enzalutamide-treated patients remained on treatment longer, discontinued less frequently, and had fewer all-cause and prostate cancer-related inpatient admissions and outpatient visits than patients treated with abiraterone acetate after adjusting for baseline characteristics. Despite the higher drug-acquisition cost of enzalutamide for payers, enzalutamide-treated patients had lower medical costs than those treated with abiraterone acetate, which substantially offset the calculated incremental specialty pharmacy costs of these patients. The economic results of our analyses of subgroups with specific comorbidities were consistent with the results in the overall patient cohort, supporting our main findings. This study observed differences in the treatment durations of enzalutamide-versus abiraterone acetate-treated patients with mCRPC in the real world. Enzalutamide-treated patients remained on treatment longer than those initiating abiraterone acetate, with median treatment durations of 10.7 versus 8.8 months, respectively. In the clinical trial setting, the treatment duration of enzalutamide (PREVAIL trial, 18.2 months) [12] was also longer than that of abiraterone acetate (COU-AA-302 trial, 13.8 months) [13] . The treatment durations in the clinical trial setting were longer compared with those reported in the current real-world study of enzalutamide and abiraterone acetate, which may be explained by several factors, including discrepancies in definitions of Two recent administrative claims studies found conflicting results with the current study, reporting that treatment duration with abiraterone acetate was higher than with enzalutamide among overall populations of patients with prostate cancer or mCRPC [7, 17] . Pilon et al. [7] reported that the duration of overall prostate cancer treatment was significantly longer among patients who initiated abiraterone acetate compared with those who initiated enzalutamide, and a second study by Behl et al. [17] reported that patients who initiated abiraterone acetate had higher medication adherence than those who initiated enzalutamide. However, Pilon et al. and Behl et al. did not differentiate between chemotherapy-naïve and post-chemotherapy patients-two patient groups with distinct disease characteristics and severity. The chemotherapy-naïve mCRPC patient population is of particular importance, and a large retrospective study of treatment sequences for mCRPC patients from 2012 to 2014 indicated that the majority of patients using enzalutamide and abiraterone acetate were chemotherapy-naïve [16] . The current study also included an additional year of data The restricted patient population (chemotherapy-naïve patients) and more recent data in the current analysis provide a unique contemporary view of real-world use of enzalutamide and abiraterone acetate. Because treatment duration may be considered a surrogate of treatment effectiveness in oncology, the longer observed duration of treatment among enzalutamide-treated patients may indicate superior Table 2 continued Patients with ‡ 1 event within 3 months post-index, n ORs comparing enzalutamide versus abiraterone acetate, their 95% CIs, and P values were estimated using logistic regression models effectiveness for these patients in the real world [28, 29] . Two independent meta-analyses of clinical trials have also been conducted on the comparative efficacy of enzalutamide and abiraterone acetate and concurred regarding the evidence that enzalutamide is superior in terms of radiographic progression-free survival and prostate-specific antigen response rate [30, 31] . This is also the first study to assess total HRU and costs of chemotherapy-naïve enzalutamideand abiraterone acetate-treated patients with mCRPC, adding a comprehensive comparison to the current knowledge base. A previous study [16] . However, neither study assessed costs beyond drug acquisition. The current study observed that the monthly pharmacy costs were higher among enzalutamide-versus abiraterone acetate-treated patients; however, the costs related to inpatient and emergency department visits were generally lower for enzalutamide-treated patients versus abiraterone acetate-treated patients. As a result, the total healthcare costs of abiraterone acetate-and enzalutamide-treated patients did not significantly differ. Enzalutamide-treated patients had less frequent inpatient and emergency department visits compared with abiraterone acetate-treated patients. The higher rate of hospitalization observed for abiraterone acetate-treated patients could be due to several reasons. First, the current study found that higher proportions of abiraterone acetate-versus enzalutamide-treated patients had baseline corticosteroid use (45.6% vs. 20.0%, respectively) and concomitant corticosteroid use during the study period (89.2% vs. 28.2%, respectively). These findings are consistent with the abiraterone acetate label, which requires concurrent use with prednisone [27] . Prednisone is a required glucocorticoid replacement therapy when co-administered with abiraterone acetate, but it is associated with risks such as bone loss, immunosuppression, hyperglycemia, mood and cognitive alterations, and myopathy [22, 23, 32] . Thus, the potential side effects as well as the benefits of the prednisone regimen should be considered in conjunction. Second, in the clinical trial setting, abiraterone acetate was associated with higher rates of more serious adverse events compared with enzalutamide, including fluid retention, hypertension, and hypokalemia [13] . If the rates of more serious adverse events are also higher among abiraterone acetate-treated patients in the real world, this could explain the more frequent hospitalizations and emergency department visits by abiraterone acetate-treated patients observed in this study. The current study explored the potential reasons for HRU using the data; however, the data did not provide sufficient detail to provide the reason why costs differed between cohorts. For both cohorts, ''subsequent hospital care'' and ''emergency department visit'' were identified as the most frequent reasons for inpatient admissions and emergency department visits, respectively. The exact reasons behind the observed higher hospitalization burden on abiraterone acetate-treated patients warrant further study.
Limitations
The results of this study should be interpreted in light of several limitations. First, as with all analyses based on administrative claims data, a diagnosis code is not an attestation that the patient has the diagnosis, because the code may represent a rule-out diagnosis or may be recorded incorrectly. In the current study, at least two diagnosis codes of prostate cancer were required to mitigate the possibility of coding errors or diagnosis of exclusion. Second, the claims database does not capture important information, including medical services obtained outside of a patient's health plan (e.g., over-the-counter treatments), clinical information (e.g., reasons for treatment discontinuation), or laboratory results (e.g., prostatespecific antigen). Although the current study included both commercial and Medicare supplemental claims data to cover all age ranges, the medical services covered entirely by Medicare would not be captured in the MarketScan Ò data (e.g., skilled nursing facility services during the initial period after inpatient discharge). However, the proportions of patients with Medicare supplemental coverage were similar between the two cohorts (78.8% of enzalutamide-and 75.0% of abiraterone acetate-treated patients at the index date); thus, unobserved medical services are not expected to bias the study's results. Third, there is a possibility of confounding due to differences in baseline characteristics. For example, more abiraterone acetate-treated patients received prior anti-androgen therapy, which indicates that these patients may have been more heavily pre-treated. To the extent possible, this study controlled for observed cohort differences at baseline, including proxies of disease severity, using multivariable regression modeling. For the treatment duration analysis, future adjusted analysis is warranted to adjust for baseline covariates. Fourth, this study used an intentionto-treat design in the comparative analyses of HRU and cost, and the cohorts were defined based on the treatment received at the index date. Future studies may consider additional methods to account for time-varying exposure and effects of the post-index treatment experience.
CONCLUSIONS
This is the first study to assess total HRU and costs of chemotherapy-naïve enzalutamide-and abiraterone acetate-treated patients with mCRPC, adding a comprehensive comparison to the current knowledge base. The results of this study suggest that differences exist between enzalutamide and abiraterone acetate in terms of the real-world treatment duration and associated HRU and costs among chemotherapynaïve patients with mCRPC. Chemotherapynaïve patients initiating enzalutamide stayed on treatment longer, incurred fewer in-and outpatient visits, and had lower prostate cancerrelated inpatient and emergency department costs. These results were largely consistent in subgroup analyses among patients with diabetes, cardiovascular disease, or corticosteroidsensitive comorbidities. Despite the higher pharmacy cost differential between enzalutamide and abiraterone acetate, the lower medical costs with enzalutamide offset the total cost burden to the healthcare system. The lower HRU burden might also reflect the superior realworld effectiveness of enzalutamide and needs to be confirmed in future studies.
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